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The earliest histologic  lesion in the generalized  Shwartzman reaction, which 
is produced in rabbits by two appropriately spaced intravenous injections of 
endotoxin derived from  Gram-negative microorganisms,  is  the deposition of 
a  homogenous, eosinophilic  material  with the staining properties of fibrinoid 
within the lumen of the glomerular capillaries  of the kidneys. Occlusion of the 
glomerular circulation is followed by the development of bilateral renal corti- 
cal necrosis,  the characteristic gross lesion which identifies  the reaction (1-3). 
The fibrinoid  material becomes visible as a  layer along the inner  surface  of 
the  capillary walls,  or as masses which fill the lumen of the vessels,  within 
the first 6 or 8 hours after the second injection of endotoxin.  Similar material 
appears within the walls of the coronary arteries, in the substance of the  mi- 
tral and aortic valves, and in the sinusoids of the liver and spleen (2, 3). 
A central problem in the pathogenesis of the generalized  Shwartzman reac- 
tion is the origin and nature of the fibrinoid  material. Histologic studies,  re- 
ported elsewhere  (2, 3), indicate that it is derived from the circulating  blood. 
The demonstration that its appearance can be prevented by treatment of the 
animals with heparin at the time of the second injection of endotoxin (4)  sug- 
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gests that fibrinoid may have its origin in a  disturbance of the coagulation 
mechanism. 
Walton (5, 6), in a study of the toxic effects of dextran sulfate preparations 
with anticoagulant properties resembling those of heparin, encountered renal 
lesions  similar  to  the  generalized Shwartzman  reaction in  animals  injected 
with  dextran  sulfates  of  large  molecular  size.  He  demonstrated  that  such 
preparations had the capacity to combine with fibrinogen in r/tro, resulting in 
the precipitation of fibrinogen, and suggested that a similar intravascular pre- 
cipitation reaction might account for the occlusion of the glomerular capil- 
laries produced by dextran sulfate. Hausman and Dreyfus (7) reported that 
another acidic polymer with anticoagulant properties, sodium polyanethol sul- 
fonate  (liquoid-roche), produced similar kidney lesions when injected intra- 
venously into rabbits. 
In view of the reported resemblance of the lesions caused by acidic poly- 
mers to those resulting from the injection of two doses of endotoxin, the effect 
of endotoxin on the response to three synthetic polymers was investigated, 
using  dextran  sulfate,  sodium polyanethol sulfonate,  and  sodium polyvinyl 
alcohol sulfonate. A synergistic toxic effect was observed when endotoxin was 
injected in combination with each of the polymers. Doses of endotoxin and 
polymer which had no apparent effect when given alone were rapidly lethal 
when given together, and the typical gross and histologic lesions of the gen- 
eralized Shwartzman  reaction occurred in  a  high  proportion of animals.  A 
detailed description of the morphologic changes observed in the tissues is pre- 
sented elsewhere (8). The present paper is concerned with the conditions of 
dosage and timing required for producing the reactions, together with certain 
experiments which provide information concerning the mechanisms involved. 
Materials and Methods 
The rabbits were of the same hybrid albino stock employed in previous studies on the 
generalized Shwartzman  reaction. Young animals, averaging 5 to 6 weeks of age and weighing 
1 to 1.5 kilos, were used in all experiments. Older animals were not used because of the ob- 
servation, reported elsewhere (9), that the incidence of the generalized Shwartzman reaction 
is much lower  in mature rabbits. 
Sodium polyanethol sulfonate 0iquoid) and sodium polyvinyl alcohol sulfonate (PVAS)  1 
were supplied  through the courtesy  of Hoffmann-La  Roche, Inc., Nutley, New Jersey. Dextran 
sulfate was prepared by the method of Ricketts (10), employing  as starting material a batch 
of highly viscous  native dextran (Lot C.S.C.-279) supplied by Commercial  Solvents Corpora- 
tion, Terre Hante, Indiana. Solutions of these substances were prepared in sterile, pyrogen- 
free physiologic ~line. 
The endotoxins used in the studies were a meningococcal culture filtrate, prepared as 
described in an earlier publication (1), a preparation of S6~rat~a marce.sc~ polysaccharide 
endotoxin (P-25), supplied by Dr. Murray Shear of the National Cancer Institute, Bethesda, 
a purified endotoxin of Sk/gd/a paradysen/er/a¢ obtained from Dr. Walther Goebei, The 
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Rockefeller Institute, New York, and an endotoxin of FackerlclKa coil prepared in this labora- 
tory by the Boivin technique  (11). 
Details concerning the doses of endotoxin and polymers, and the timing of the injections, 
are given in the sections which follow. 
EXPERIMENTAL 
The Effect of an Intravenous Injection of Acidic Polymer,  without Endotoxin 
Various doses of polyanethol, dextran sulfate,  and PVAS were injected by 
vein into groups of rabbits, and the animals were observed for toxic manifes- 
tations or death. 24 hours after injection all animals were sacrificed and the 
kidneys examined  for the gross and microscopic lesions of bilateral cortical 
necrosis. The results obtained in titmtions of the polymers are shown in Ta- 
ble I. 
Polyanethol.--No  deaths  or  renal  lesions  were  produced  by  polyanethol 
when given in a dose of 4 rag. per kilo. With 8 nag., 1 of 8 animals died with- 
in 24 hours and was found to have bilateral cortical  necrosis of the kidneys; 
in two other experiments  18  rabbits survived this dose  without developing 
renal lesions. Considerable  variation in results was encountered in successive 
experiments with 16 or 32 mg., as is indicated in Table I. For example, in one 
group of 10 animals given 32 mg., there were no deaths and no instances of 
renal cortical necrosis,  but in two other experiments  the same dose  caused 
death and renal lesions in a  majority of animals. 
The variability of reactions after the administration of large amounts of 
polyanethol cannot be satisfactorily explained,  but a  possible interpretation 
should be mentioned. As will be  seen  in  the sections  to follow, extremely 
small quantities of endotoxin were suificient to produce renal necrosis when 
given in combination with 4 or 8 rag. of polyanethol, and it is possible that 
slight traces of contaminating endotoxin in the saline used as diluent, or in 
the polymer preparations, may have been responsible for the reactions follow- 
ing larger doses. 
Dextran Sulfate.--No gross or microscopic kidney lesions were observed in 
any of the rabbits injected with dextran sulfate. The material was rapidly 
lethal when injected in a  dose of 20 rag.  per kilo,  and profuse  hemorrhage 
from the injected ear vein occurred  in most animals. A dose of l0 rag. per 
kilo was tolerated by all animals without apparent ill effect. 
PVAS.--PVAS, within the range of doses tested, appeared to be non-toxic. 
None of the rabbits died, and none developed renal cortical necrosis. 
The Effect of an Intravenous Injection of Polyanethol in Combination 
with Endotoxin 
Doses  of polyanethol which were apparently non-toxic  for normal rabbits 
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TABLE I 
The Effect of Inlra~enously Injected Acidic Polymers, wi~hou~ Endotoxln 
Polyanethol 
Dextran sulfate 
Polymer  Dose*  Number of  Number with  rsbbits$  Number dead§  renal cortical 
necrosis 
mg. 
4 
16 
PVAS 
32 
10 
20 
.4 
8 
16 
32 
64 
10 
10 
10 
10 
8 
8 
10 
16 
10 
10 
10 
0 
14 
5 
0 
0 
Sll 
all 
0 
12 
4 
* The indicated dose of each polymer was dissolved in 2 cc. physiologic saline and in- 
jected by vein. 
Each  group  of rabbits represents  a  separate  experiment with the indicated  dose of 
polymer. 
§ Figures refer to number of rabbits dying within 24 hours after injection. At the end of 
this time all survivors were sacrificed and the kidneys examined. 
l] These animals died within less than 1 hour after injection. 
ously with, or within a few hours after, an intravenous injection of endotoxin. 
An experiment which illustrates this effect is shown in Table II. In this exper- 
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S. ntarcescens,  Sk. paradysenteriae, or E. coli endotoxin in doses less than the 
amount required to produce systemic reactions of prostration or shock. Within 
a  few minutes after the injection of endotoxin, polyanethol was injected in 
doses of 4 or 8 rag. Death occurred  within the next 24 hours in many of the 
animals, and bilateral cortical necrosis of the kidneys was found in a majority 
of them at autopsy.  Control animals given endotoxin without polyanethol 
survived without evidence  of illness,  and the kidneys were negative at the 
time of sacrifice 24 hours after injection. 
TABLE II 
The Effect of Simultaneous Injections of Endotoxin and Pol" 
Endotoxln 
Meningococcal,  2 cc. 1-200 dilution 
S. marcescens, 0.1 mg. 
Sh. paradysenteriae,  0.1 rag. 
E. coli, 0.1 rag. 
,anethol 
Dose of  Number  Number 
polyanethol  of rabbits  dead 
mg. 
4  8  6 
8  8  8 
--  8  0 
4  8  4 
8  8  6 
--  8  0 
4  8  5 
8  8  7 
--  8  0 
8  4  3 
--  4  0 
Number 
with renal 
cortical 
necrosis 
The gross and histologic characteristics of the renal lesions were identical 
to those previously described in the generalized Shwartzman reaction. In ad- 
dition, the animals injected with polyanethol and endotoxin developed lesions 
of the coronary arteries and valves of the heart, with infiltration by fibrinoid 
material, similar  to those previously described  in rabbits given two intrave- 
nous injections of endotoxin (3). A detailed pathological  study of the changes 
is presented in a  separate communication (8). 
A titration of three endotoxins,  to determine the minimal dose required to 
produce renal cortical  necrosis when injected in combination with 8 rag.  of 
polyanethol, is shown in Table III. As will be seen, the reaction occurred with 
doses of each endotoxin which were much below the amounts required for the 
production of prostration or death when given without polyanethol. For ex- 
ample,  10 #g.  of S.  marcescens  endotoxin,  and 2 /tg.  of Sk.  paradysenleriae 
endotoxin, produced renal necrosis and death when given in combination with 254  GENERALIZED  SHWARTZMAN REACTION.  VI 
TABLE IH 
Titration of 3 Endotoxins,  Injected  Simultaneously  with g Mg. of Polyanetkol 
Endotoxin 
Meningococcal 
S. mavc~$c~ 
Sk. paradysenteriae 
Dose of endotoxin 
1-200 
1-500 
1-1,000 
1-5,000 
1-10,000 
1-20,000 
0.2  rag. 
0.02  " 
0.01  " 
0.005  " 
0.2  mg. 
0.02  " 
0.01  " 
0.002  " 
Number of 
rabbits 
6 
6 
6 
4 
4 
4 
Number dead 
Number 
with 
cortical 
necrosis 
TABLE IV 
The Effect of the Timing of Injections  on the Response to Polyane~hol and 
Meningococcal Endotoxin 
Time of injection of polysnethol 
12 hrs. before 
2  "  " 
Simultaneously with 
1 hr.  after endotoxin 
2 hrs.  "  " 
18  "  "  " 
endotoxin* 
ct 
18 hrs.  "  " 
Dose of 
Polyanethol 
mg. 
4 
4 
4 
4 
4 
4 
4 
4 
Number of 
rabbits  Number dead 
0 
0 
4 
4 
3 
2 
1 
0 
Number with 
renal cortical 
necrosis 
* A dose of 2 cc. of a  1-500 dilution of meningococcal endotoxin was used in all animals 
in the experiment. 
polyanethol.  By  themselves,  these  doses  of  endotoxin  usually  cause  mild fe- 
brile responses but no other evidences of illness. A  1-10,000  dilution of menin- 
gococcal endotoxin was effective when given with polyanethol; this is approx- 
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produce  the  generalized  Shwartzman reaction  when  given in  two successive 
intravenous doses (1). 
The Effect  of the  Timing  of Injections  of Polyanethol  and Endotoxin.--An 
experiment which illustrates the importance of the time of administration of 
polyanethol is shown in Table IV. When polyanethol in a  dose of 4 nag. was 
injected  12  or  2  hours  before meningococcal  endotoxin,  no  deaths  or renal 
cortical  necrosis occurred.  Reactions were most consistently produced  when 
the  two  materials were  given  simultaneously,  or when  polyanethol  was in- 
jected within 4 hours after endotoxin. When the injection of polyanethol was 
TABLE V 
The Effect of Simultaneous Injections of Endotoxln and Dextran Sulfate 
Endotoxln 
Meningococcal, 2 cc. 1-200 dilution 
S. marcesc~as, 0.1 rag. 
Sh. paradysenteriae, 0.1 nag. 
No endotoxin 
Dose of 
dextran 
sulfate 
mg. 
5 
I0 
I0 
I0 
5 
I0 
Number 
of rabbits 
Number 
dead 
Number 
with renal 
cortical 
necrosis 
delayed for 8 hours or longer after endotoxin, the rabbits were not affected by 
a  dose of 4  rag., although a  dose of 8 nag.  was still  capable of causing reac- 
tions after an interval of 18 hours. 
The Effects of Dextran Sulfate and PVAS in Combination with Endotoxin 
Experiments  similar  to  those  with  polyanethol  and  endotoxin,  described 
above, were performed with dextran sulfate and PVAS.  The results, summa- 
rized in Tables V  to VIII, were essentially the same as obtained with poly- 
anethol.  When  an intravenous injection  of small doses of meningococcal, S. 
marcescens,  or  Sh.  paradysenteriae  endotoxin  was  accompanied  or  followed 
within 4 hours by dextran sulfate in a dose of 5 or 10 rag. per kilo, renal corti- 
cal necrosis and death occurred in a  majority of animals. Similar results were 
obtained with PVAS in doses of 8 or 16 rag. per kilo.  No deaths or renal le- 
sions occurred in control rabbits given dextran sulfate or PVAS without endo- 
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The Effect of Heparin on the Reaction to the Acid Polymers and Endotoxin 
It was previously demonstrated that the generalized Shwartzman reaction, 
produced  by  two  intravenous injections of  endotoxin,  could  be  completely 
TABLE VI 
Titration of Three Endotoxins  Injected Simultaneously ~aith 10 Mg. of Dextran Sulfate 
Endotoxln 
Meningococcal 
S. marce$cens 
Sh. paradysenteria¢ 
Dose of endotoxin 
1-200 
1-500 
1-1,000 
1-5,000 
1-10,000 
0.2  rag. 
0.02  " 
0.01  " 
0.005  " 
0.2  mg. 
0.02  " 
0.01  " 
0.002  " 
Number 
of rabbits 
4 
4 
4 
4 
Number dead I 
4 
4 
6 
5 
0 
Number 
with renal 
cortical 
necrosis 
TABLE VII 
The Effect of the Timing of Injecbkms on th8 Response to 10 Mg. of Dexlcan Sulfate and 
Meningococ,  cal Endotoxin 
Time of injection  of dextran sulfate 
Simultaneously with endotoxin* 
1 hr.  aftex  endotoxin 
2 hrs.  "  " 
8  ¢¢  ~¢  C¢ 
18  "  "  " 
Number of 
rnbblts  Number dead 
Number with 
renal cortical 
necrosis 
* 2 cc. of 1-200 dilution of meningococcsl endotoxin. 
prevented by the administration of heparin at the time of the second injec- 
tion (4). In the experiments described below, it was found that the develop- 
ment of renal cortical necrosis following combined injections of endotoxin and 
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TABLE VIII 
The E~ca of Meningococcal  Endotoxin in ComMnaaon with  Polyvlnyl  Alcohol  Sulfonate 
Number with 
Dose of PVAS*  Dilution of emdotoxin  Number of rabbits  Number dead  renal cortical 
necrosis 
mg. 
4 
16 
1-500 
1-1,000 
1-500 
1-1,000 
1-$,000 
1-500 
1-1,000 
1-5,000 
* All animals received PVAS and endotoxin injections simultaneously. 
TABLE  IX 
The Eject o/Heparin on the Reaction to Meningococcal Endotoxin in Combination with 
Acidic Polymer 
Procedure* 
Endotoxin and polyanethol 
Endotoxin and dextran sulfate 
Endotoxin and PVAS 
Treatment 
Heparin:~ 
None 
Heparin 
None 
Heparin 
None 
Number 
of rabbits 
Number 
.gumber  with renal 
dead  cortical 
necrosis 
* All animals received 2 cc. of a  1-500 dilution of naeningococeal cndotoxin accompanied 
by either 4 nag. polyanethol, 10 nag. dextran sulfate, or 16 rag. PVAS. 
Heparin in a dose of 25 nag. was administered by vein inanaediatdy before  the injection 
of endotoxin and polymer, and again 1 hour later. 
Groups of 12 rabbits each were given simultaneous injections of 2  cc.  of a  1-500 dilution 
of naeningococeal endotoxin and either polyanethol (4 nag.), dextran sulfate (10 mg.), or PVAS 
(16 nag.).  6 rabbits in each group received an intravenous injection of heparln, in a  dose of 
25 nag., $ minutes before the administration of polymaer and endotoxin, and the same dose of 
hepatin was repeated  1 hour later.  The other 6  animals in each group served as untreated 
controls. 258  GENERALIZED SHWARTZMAN REACTION. VI 
The results are shown in Table IX. All of the heparin-treated  rabbits  sur- 
vived,  and  none developed  renal  lesions,  while  all  of the  untreated  animals 
died with bilateral  cortical necrosis of the kidneys. 
The Failure of Nitrogen Mustard to Prevent the Reaction to Acidic Polymers 
and Endotoxin 
In a previous study it was shown that the generalized Shwartzman reaction 
was prevented by nitrogen mustard (HN2), when this agent was administered 
3  days before induction of the reaction, in a  dose sufficient to produce poly- 
TABLE X 
The Effect of Nitrogen Mustard  on the Reaction to an Injection  of Endotoxin  Combined with 
Polyanethol, Compared with its Effect on the Reaction to Two Successive Injections 
of Endotoxin 
Group 
Endotoxin and polyanethol~: 
Two injections of endotoxin§ 
Treatment* 
Nitrogen mustard 
None 
Nitrogen mustard 
None 
Nul3a- 
ber  Neutro- 
of  phil 
rab-  count 
bits 
average 
6  200 
6  4300 
6  250 
6  4500 
Nom- 
bet 
dead 
Nuln- 
ber 
with 
renal 
cor- 
ficM 
ne- 
I crosis 
* Nitrogen mustard, in a dose of 1.75 rag. per kilo, was injected by vein 72 hours before 
the injection of endotoxin. 
$ Animals in this  group received 2 cc. of a  1-500 dilution  of men/ngococcal endotoxin, 
and, at the same time, 8 mg. of polyanethol. 
§ These animals received 2 intravenous  injections of a  1-100 dilution  of meningococcal 
endotoxin, spaced 24 hours apart. 
morphonuclear leucopenia  (1). When leucopenia was prevented, by excluding 
the femoral bone marrow from the circulation at the time of injection of HN2, 
no protection against the generalized Shwartzman reaction was demonstrable, 
suggesting  that  the polymorphonuclear leucocytes play a  role  in  the  patho- 
genesis of the reaction. 
In the present  study,  it was found that HN2  had  no protective effect on 
the reaction to the combined injection of acidic polymers and endotoxin. An 
illustrative  experiment,  in which animals treated with HN2 were given poly- 
anethol and meningococcal endotoxin,  is summarized in Table X. 
A group of rabbits were given an injection of HN2, in a dose of 1.5 mg. per kilo, and 3 days 
later  all were found to have leucopenia, with  polymorphonuclear leucocyte counts ranging LEWIS  THOMAS,  JOEL  BRUNSON,  AND  RICHARD  T.  SMITH  259 
between 50 and 400 per c.mm. At this time they received simultaneous intravenous injections 
of 8 nag. of polyanethol  and 2 cc. of a 1-500 dilution of meningococcal  endotoxin,  and a control 
group of untreated rabbits received the same materials. 
As is shown in Table X, the incidence of renal cortical necrosis and  death 
was the same in both groups. The protective effect of HN2 in rabbits given 
two successive intravenous injections of endotoxin is illustrated, for compari- 
son, in Table X. 
In view of the observation that HN2-treated rabbits with such degrees of 
polymorphonuclear leucopenia  do  not  develop renal  cortical necrosis  when 
given two successive intravenous injections of endotoxin, the failure of HN2 
to protect against  the reaction to the combination of endotoxin and liquoid 
suggests the possibility that the acid polymer may perform a  function which 
is served by leucocytes in the generalized Shwartzman reaction. Further men- 
tion of this point will be made in the discussion which follows. 
The Effect of Cortisone on the Reaction to Acidic Polymers and Endotoxin 
In  previous experiments, it  was  shown  that  cortisone prevents  the  early 
lethal reaction to a  single injection of endotoxin which occurs in mature rab- 
bits (12), but does not prevent the development of renal cortical necrosis fol- 
lowing two doses of endotoxin. Indeed, cortisone facilitates the occurrence of 
renal lesions, and the generalized Shwartzman reaction can be produced by a 
single injection of endotoxin in cortisone-treated animals (13). 
In  the present  study, pretreatment with  cortisone was  found to have no 
effect on the incidence of death or renal cortical necrosis in rabbits given si- 
multaneous injections of polyanethol and endotoxin. To illustrate, a group of 
6  rabbits which were treated with  10 mg. of cortisone each day for 3 days, 
and then injected with 8 rag. of polyanethol and 2 cc. of a  1-500 dilution of 
meningococcal endotoxin,  exhibited  the  same  incidence of death  and  renal 
cortical necrosis as a  control group not treated with cortisone. 
DISCUSSION 
It has here been shown that an intravenous injection of endotoxin changes 
to a  remarkable degree the response of rabbits to an injection of three large 
molecule acidic polymers: sodium polyanethol sulfonate, dextran sulfate, and 
PVAS.  When either polymer, in a  dose non-toxic by itself, was injected si- 
multaneously with endotoxin, or at any time within a  few hours after endo- 
toxin, the animals underwent a reaction indistinguishable from the generalized 
Shwartzman reaction. The glomerular capillaries became filled with  homoge- 
neous, eosinophilic fibrinoid material, and bilateral cortical necrosis of the kid- 
neys was the end result. 
When  sufficiently large  doses  of polyanethol  were  administered  without 
endotoxin, similar lesions occurred, although considerable variability was en- 260  GENERALI~A)  SHWARTZMAN  REACTION.  VI 
countered in different experiments. In view of the fact that a few micrograms 
of endotoxin were effective in producing  the reactionconsistenfly  when given 
in combination with 4 or 8 mg.  of polyanethol, the variable reactions with 
larger doses of polyanethol may have been due to contamination of certain 
preparations by small traces of endotoxin. Walton (5) described renal cortical 
necrosis after the intravenous injection of dextran sulfate in doses of 100 mg. 
or more per kilo. In the present study, 5 or l0 mg. of this material regularly 
produced kidney lesions when given in combination with endotoxin,  but no 
lesions were caused by dextran sulfate alone. Doses of the magnitude used by 
Walton could not be tested because of the immediate lethal effect of the prep- 
aration used in this study. 
The results obtained with nitrogen mustard suggest that the action of acidic 
polymer may be analogous  to the role played by polymorphonuclear leuco- 
cytes in  the  generalized  Shwartzman reaction produced by two  successive 
doses of endotoxin.  In a previous study, the protective effect of HN2 against 
the reaction was accounted for on the basis of the polymorphonuclear leuco- 
penia caused by this material (1). The failure of HN2 to prevent the develop- 
ment of renal cortical  necrosis in animals injected with the combination of 
endotoxin and acidic polymer indicates that leucocytes  are not involved in 
this reaction,  and suggests that the polymer may be capable  of substituting 
for a mechanism  which is provided,  in the conventional generalized  Shwartz- 
man reaction,  by the leucocytes. 
In the paper which follows, evidence will be presented which indicates that 
quantitative and qualitative changes in the fihrinogen of the circulating blood 
may be implicated in the reaction to endotoxin and acidic polymers.  Further 
discussion of the work reported here will be deferred until after the presenta- 
tion of the data in the next paper. 
SUMMARY 
Lesions indistinguishable from those of the generalized Shwartzman  reac- 
tion occured in rabbits when a single  intravenous injection  of Gram-negative 
bacterial endotoxin was accompanied, or followed, by an injection  of one of 
the following synthetic,  heparin-like,  acidic  polymers-sodium polyanethol sul- 
fonate, dextran sulfate,  or sodium polyvinyl alcohol sulfonate. 
These reactions  were produced by doses of polymer or of endotoxin which 
were without demonstrable effect  when given singly. 
Heparin,  in doses similar to those previously shown  to protect rabbits 
against the lesions of the generalized Shwartzman  reaction, prevented  the 
reaction to the combined injection  of endotoxin and acidic  polymers. 
Nitrogen mustard, which was previously shown to prevent  the lesions  of 
the generalized Shwartzman  reaction from occurring after two intravenous LEWIS  THOMAS, JOEL  BRUNSON,  AND  RICHARD T.  SMITH  261 
injections of endotoxin, had no protective action against the lesions produced 
by the combined injection of endotoxin and polymer. 
Cortisone did not affect the reaction to endotoxin and polymer. 
The role of fibrinogen in the reaction under study is discussed in the paper 
which follows. 
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